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Introduction
The hepatitis A virus (HAV) is a non-enveloped, single-stranded RNA virus which causes the most common form of viral hepatitis worldwide, with approximately 1.4 million new cases every year (1) . HAV infection, which is spread by fecal-oral contact, is considered a marker of fecal exposure, and its prevalence is related to poor hygiene practices, and low socioeconomic levels (2, 3) . Diagnosis of HAV is based on the detection of anti-HAV antibodies, which are also used as a marker to monitor viral transmission (4) . Although the prevalence of anti-HAV antibodies varies widely in different parts of the world, it has been reported to be very high in most of Southeast Asia (5) . However, recent global estimates of anti-HAV seroprevalence suggest an epidemiological transition in many countries, including Taiwan (5) (6) (7) (8) , which is now classified as a region of intermediate endemicity for HAV. It is thought that the significant decrease in anti-HAV seroprevalence in Taiwan over the past decade could lead to an increased risk of sudden HAV outbreaks (9) (10) (11) .
Helicobacter pylori (H.pylori) was first identified as a causal factor of peptic ulcer disease (12) , and has been reported to be associated with gastric ulcer, but not gastric adenocarcinoma in Taiwanese patients (13) . H. pylori has also been shown to be associated with gastritis, and gastric neoplasms (14) (15) (16) , and has been classified by the WHO as a class I carcinogen (17). H. pylori infection is primarily acquired in childhood or adolescence, and most children in developing countries are infected by 10 years of age, in contrast to children in developed countries where the prevalence of infection is low (18, 19) . Studies from China and Korea showed that low socioeconomic status and living in a rural area are among the primary risk factors for increased prevalence of H. pylori (20, 21) . H.pylori seroprevalence in children has been shown to increase with age in Northern and Southern Taiwan (22). H. pylori like A c c e p t e d M a n u s c r i p t HAV, is thought to be transmitted via the fecal-oral route (23). Unlike anti-HAV seroprevalence, which has significantly decreased in recent years, the seroprevalence of H. pylori has remained stable over the past decade, suggesting that it could have a different transmission route from the fecal-oral route seen in HAV transmission (24).
Although the developing Taiwanese economy has resulted in higher living standards, and a consequent decrease in the incidence of HAV and H. pylori infections, the low seroprevalence of anti-HAV antibodies and the increased frequency of travel to high endemic areas like Southeast Asia could lead to increased risk of infection.
H. pylori and HAV are thought to have a similar epidemiology, but there are conflicting data on whether there is an overlap in the age-specific seroprevalence of H.
pylori and HAV (24-28). There is currently limited information on the prevalence of H.
pylori among children in the Changhua district and the Changhua coastal area of Taiwan (20) . Additionally, there is no national survey for HAV vaccination rates in Taiwan, and most of the data on anti-HAV seroprevalence are from the Taipei area.
There are few reports describing age-specific prevalence in other parts of Taiwan (29, 30) . In this study, we therefore aimed to investigate 1) the age-specific prevalence of anti-HAV and anti-H. pylori antibodies 2) the current infection status, the HAV vaccination rates, and 3) the major risk factors of HAV and H. pylori infection in a pediatric population from the Changhua District/Changhua coastal area, a rural area of central Taiwan. We also performed a systematic review of previous studies investigating the prevalence and risk factors of HAV and H. pylori infections in pediatric populations of Taiwan.
Methods
This study recruited a total of 856 children between the ages of 0 and 15, who 
Questionnaire
A questionnaire was designed to obtain demographic characteristics, personal and family history, and to assess the association between HAV or H. pylori infection.
Information collected included age; source of water supply; education level of the parents (the education level was classified into 1) senior high school graduate or higher and 2) junior high school graduates lower); ethnicity of mother, number of children/people in household; family history of H. pylori, peptic ulcer, or gastritis; history of travel by children/family members to China or Southeast Asia (within the past 5 years); and whether children (> 3 years old) had complained of recurrent abdominal pain. Family history of H.pylori was listed as positive if the study subject had a positive result on gastroscopy, CLO (Campylobacter-like organism test) test, pathology, stool Ag test, or serologic test.
Questionnaires were answered by the parents of the enrolled children.
Laboratory examination
Levels of H. pylori-specific IgG antibodies were measured using enzyme-linked immunosorbent assays (NovaTec Immundiagnostica GmbH, Germany) according to A c c e p t e d M a n u s c r i p t the manufacturer's instructions. Seropositivity of H. pylori infection was defined as IgG titers > 20 unit/ml. HAV seropositivity was also determined using commercially available ELISA kits (Diagnostic Automation, Inc, Calabasas, CA), and the cut-off values were established according to the manufacturer's instructions.
Statistical analysis
All variables are categorical and are presented by counts and percentages.
Differences were compared using Chi-square test or Fisher's exact test with Yate's correction if any cell number was < 5 or close to zero for the categorical variables.
The age trends of patients infected with H. pylori or HAV were analyzed by the Cochran-Armitage test. Logistic regression analyses were used to evaluate the correlation between patient variables and H. pylori and HAV infection. Subjects who were HAV-positive, and those who were H. pylori-positive were divided into different age categories in order to more easily compare their data with other studies (1-2.9, 3-5.9, 6-8.9, 9-11.9, and 12-14.9 for H. pylori and 1-2.9, 3-4.9, 5-6.9, 7-8.9, 9-10.9, 11-12.9, 13-14.9 for HAV). All statistical assessments were two-sided and p values < 0.05 were considered significant. The Cochran-Armitage test was performed with the SAS 9.2 statistics software (SAS Institute Inc., Cary, NC, USA), and all other statistical analyses were performed with the SPSS 18.0 statistics software (SPSS Inc, Chicago, IL, USA). w performed with SASsoftware(SASInstitute, Cary,NC).
Systematic review
We performed a systematic review of all available reports describing the prevalence and risk factors of HAV and H. pylori infections in pediatric Taiwanese populations. The methods used in this review adhered to the current best practices for conducting systematic reviews of literature, and also to the PRISMA guidelines (31).
The Medline, Cochrane, EMBASE, and Google Scholar databases were searched A c c e p t e d M a n u s c r i p t (until Nov 30, 2013) . Reference lists of relevant studies were manually searched using the following keywords: hepatitis A, H. pylori, Taiwan, prevalence, epidemiology, and seroprevalence.
Studies were considered for inclusion in the review if they described the prevalence of HAV or H. pylori in Taiwan. Studies were excluded from the review if they included non-Taiwanese subjects, if they were published in the form of letters, comments, editorials, or case reports, or if they were non-English or non-Chinese publications.
Data were extracted by two independent reviewers and any disagreements were resolved by consensus. The following data were extracted from studies that met the inclusion criteria: the name of the first author, year of publication, study design, demographic information of participants, location and year of screening, overall prevalence and prevalence by age group, and risk factors.
Results
Of a total of 856 children who were recruited to this study, 110 children were <1 year old. Of the 110 infants, 5 infants who were H. pylori positive (4.5%) and 22 who were HAV positive (20%) were excluded due to transplacental transfer of antibody from the mother. Of the remaining 746 study subjects, 31 seropositive children whose vaccination records confirmed that they had received HAV vaccination (3 children aged 1-2.9; 8 children aged 3-4.9; 13 children aged 5-6.9; 6 children aged 7-8.9; and 1 child aged 9-10.9 years old) were also excluded. Based on these data, the total vaccination rate was 31/746 X 100%=4.16%.
The overall rate of H. pylori infection was 6% (43/715 subjects). In children below the age of 12 years, there was a significant increase in H. pylori seroprevalence A c c e p t e d M a n u s c r i p t with age (4.3% for children aged 1 -2.9 years, 3.6% for children aged 3 -5.9 years, 5.0% for children aged 6 -8.9 years, 14.7% for children aged 9 -11.9 years, and 7.1 % for children aged 12 -14.9 years; P -value = 0.008). H. pylori seroprevalence was also significantly higher in children whose mothers had a lower educational level compared to children whose mothers had a senior high school or higher educational level (5.0% for senior high school or higher and 10.6% for junior high school or lower; P -value = 0.014) ( Table 1 ).
The overall rate of HAV infection was 0.8% (6/715 subjects). The rates of infection in the different age groups were 0.6% for children aged 1 -2.9 years, 0.6% for children aged 3 -4.9 years, 0% for children aged 5 -6.9 years, 2.4% for children aged 7 -8.9 years, 1.4% for children aged 9 -10.9 years, 0% for children 11 -12.9 years, and 2.1% for children aged 13 -14.9 years. None of the demographic factors investigated significantly affected HAV seropositivity (all P -values > 0.05) ( Table   2 ).
We investigated the association between demographic factors and H. pylori infection using logistic regression analysis. We found no significant association between any of the patient variables investigated and H. pylori seropositivity (Table   3) .
We used logistic regression analysis to investigate the association between demographic factors and HAV seropositivity. We showed that the risk of HAV seropositivity was 13.52-fold (95% CI: 1.40, 130.51) higher in children whose fathers had a junior high school or lower educational level compared to children whose fathers had a senior high school or higher educational level ( Table 4 ). The risk of HAV infection was also 14.20-fold (95% CI: 1.11, 182.23) higher in children whose A c c e p t e d M a n u s c r i p t family members had traveled to high endemic regions in China and Southeast Asia compared to children whose family members had not traveled to these regions.
We performed a systematic review of all publications describing the prevalence and risk factors of HAV and H. pylori infections in Taiwanese populations. A total of 275 studies were identified using the relevant keywords and a total of 255 non-relevant studies were excluded. Of the 20 relevant studies, one study was excluded because it lacked numerical data ( Figure 1 ).
A list of the included studies and the study characteristics are described in Table   5 . Nine studies described the prevalence and seroepidemiology of H. pylori and 9 studies described the prevalence and seroepidemiology of HAV. One study described the association between seropositivity of anti-HAV and anti-H. pylori antibodies. The number of subjects ranged from 106 to 2551. The overall prevalence of anti-HAV antibodies ranged from 0.6% to 98.1%. The overall prevalence of anti-H. pylori IgG ranged from 7.6% to 54.7%.
We analyzed the prevalence of anti-H. pylori IgG and anti-HAV antibodies by age group, and the data are presented in Table 6 and Table 7 , respectively.
We analyzed the studies which performed multivariate analysis to study the risk factors of H. pylori or HAV infection (Table 8) 
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Discussion
In this study, we investigated the seroprevalence of HAV and H. pylori among children from different age groups in a rural, coastal area of central Taiwan. We found no significant differences in HAV seropositivity between children in different age groups. The total HAV vaccination rate was low. HAV seropositivity was significantly higher in 1) children whose fathers had a lower educational level compared to children whose fathers had a high school or higher level of education and 2) children whose family members had traveled to China or Southeast Asia. However, children from different age groups had significantly different rates of H. pylori infection. H. pylori seropositivity was also significantly associated with the education level of the mother.
Our present study showed low anti-HAV seroprevalence rates among children in that the overall seropositivity in urban areas of Taiwan was 8.33%, whereas seropositivity rates were as low as 0.5% in rural areas (40). The low seropositivity was significantly associated with vaccination status. These data were consistent with the low seroprevalence rates seen in our present study which was conducted in the Changhua District/Changhua coastal area, a rural area of central Taiwan. It is important to note that the anti-HAV seroprevalence rates in our study were significantly lower than those reported from the USA (41) and South Korea (42, 43), where children aged 1-10 years old had seroprevalence rates of more than 50%, Based on guidelines issued by the Advisory Committee on Immunization Practices (ACIP), all children in the USA are vaccinated against HAV between the ages of 12-23 months.
This was in contrast to our data where we found that the vaccination rate was 4.2% and only 31 children were seropositive due to HAV vaccination. The low vaccination rates in Taiwan could be due to the fact that although the HAV vaccine is available to anyone over the age of 1, it is not covered under the National Health Insurance program and remains unaffordable, especially in rural areas. Although selective vaccination based on serostatus is more cost-effective than universal vaccination in areas of high anti-HAV seroprevalence, it has been suggested that universal vaccination is the best strategy in regions where anti-HAV seroprevalence is <45% (44). The low anti-HAV seroprevalence rates among children from rural central Taiwan in our present study suggest a lack of protection against hepatitis A in this population. Based on our data, we suggest that childhood vaccination would aid in preventing and eradicating acute hepatitis A in high risk Taiwanese children, such as those whose family members frequently travel to endemic areas in China and Southeast Asia.
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A high proportion of HAV infections has been reported to be imported by second generation migrants to low endemic countries like the Netherlands (7). In our present study, we showed a significant association between HAV infection rates and travel by a family member to areas like China and Southeast Asia. We also showed a significant association between the education level of the father and HAV infection rates. Based on our data, we speculate that the necessity for fathers with low educational qualifications to travel frequently to regions in China or Southeast Asia to look for employment may contribute to increased infection rates. Our data also agreed with previous studies showing that anti-HAV seroprevalence was not associated with ethnicity (45).
The overall prevalence of H. pylori was previously shown to be as high as 54.7% among high school children and was significantly higher than the prevalence of HAV among children aged 13-15 (82.4% vs. 5.5%) on Lanyu Island and Green Island, Taiwan (32, 46). Recent studies also showed a significantly higher prevalence of anti-H. pylori antibodies among teachers compared to children aged 9-15 years old (33, 47), possibly due to the improved socioeconomic and environmental conditions in Taiwan between the 1980s and recent years.
H. pylori prevalence rates were shown to increase with age (22, 48). Our present results were consistent with these data and showed that the highest H. pylori infection rates occurred in children aged 9-12, while the lowest rates were seen in children aged 3-6. Our data agreed with a feco-prevalence study conducted in Changhua (20) , and strongly suggested that children aged 9-12 years old who have symptoms of peptic ulcer in this geographical area should be evaluated for H. pylori. The relatively small sample size in the 12-15 year old age group could explain the low H. pylori seropositivity in this age group.
Previous reports showed a significant relationship between low maternal education and H. pylori seropositivity in children (20, 23, 49) . It is not clear if this association is due to the education level, or other related factors such as income levels of parents, environment, or a lack of awareness of good sanitation practices among these women. We are currently unable to conclusively address this issue based on data collected from this study. It will be interesting to further investigate the association between maternal educational levels and H. pylori seropositivity among children. Our data were also consistent with a previous study showing no significant association between H. pylori infection and a history of peptic ulcer or gastritis in family members (20) . The association between H. pylori infection and recurrent abdominal pain in children remains unclear (20, 50, 51) , and in this study, we found no significant association between the two factors. Additionally, our present data were in contrast with a previous study from the USA which showed a significant association between H. pylori seropositivity rates and ethnicity (52).
Although some sero-epidemiologic studies reported a similar mode of transmission for HAV and H. pylori (46, 53, 54), another study showed no significant association between seropositivity of H. pylori and HAV (28). It is important to note that since HAV is a sensitive marker of fecal exposure, correlation between the HAV and H.pylori seropositivity rates would indicate similar modes of transmission for these two pathogens. However, it has been reported that although there was a significant association between the prevalence of anti-H.pylori antibodies and anti-HAV antibodies among teachers born before 1980, this was not true among children born after 1990, suggesting independent transmission routes for H. pylori and HAV after 1990 (47). In fact, using the kappa statistic to measure the difference in seropositivity between H. pylori and HAV in 500 study subjects, it was reported that A c c e p t e d M a n u s c r i p t that was no evidence for a fecal-oral route of transmission for H. pylori (55). In the present study, our data agreed with a number of other studies disputing the theory that HAV and H. pylori share a common mode of transmission (45, 56, 57). There is still an intense focus on the transmission route of H. pylori. It has been suggested that in addition to the fecal-oral and the oral-oral routes, the iatrogenic route, transmission through food and water and transmission via dental plaque, saliva and periodontal disease are all possible routes of transmission (58). Elucidation of transmission mechanisms is a crucial goal in the management of H.pylori infection.
Our study has a number of limitations. The study was not nation-wide and represented a local trend among children in rural central Taiwan. This is a hospital-based study, with a relative small sample size in certain age groups. Lastly, although serologic tests are a simple and relatively sensitive way to evaluate H. pylori prevalence, the ELISA assay might not be as sensitive in children and the true prevalence may therefore be underestimated.
In conclusion, the seroprevalence rates of H. pylori and HAV were low among children in rural central Taiwan. HAV vaccination is highly recommended for high risk populations such as children whose family members frequently travel to endemic areas like China and Southeast Asia. A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t
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